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Abstract: Based on the physical mechanism of heavy rain occurrence, a new heavy rain index THWC (tem-
perature, helicity and water condensation) was constructed by using the ingredients based method to diag-
nose the dynamic, water vapor and unstable conditions signals. The THWC index calculated with NCEP/
NCAR reanalysis data was used to diagnose the northward-moving Typhoon Yagi (No. 14 in 2018) affec-
ting Haihe River Basin. The results indicated that the THWC index is accurate for forecasting the north-
erly rainstorm location of typhoon and the center magnitude in the following 6 hours. Then the universality
of THWC index was tested according to the northward-moving typhoons affecting Haihe River Basin du-
ring 2012 — 2018. The results showed that the standardized ZTHWC index is more universal than the
THWC index, and it has solved unstable problem of THWC index in forecasting quantitative prediction of
the central precipitation magnitude. The ZTHWC index has a good correspondence with the main rain-

storm location near typhoon center and the central precipitation magnitude in the following 6 hours. The
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more integrated the atmospheric circulation of northward-moving typhoon is, the better coincidence be-

tween ZTHWC and the typhoon main rainstorm area is. Therefore, the ZTHWC index can be used as a

quantitative index for forecasting the main rainstorm of the northward-moving typhoon.

Key words: typhoon, rainstorm, ingredients-based method, diagnosis and forecasting, THWC index (tem-

perature, helicity and water condensation)
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Fig. 2 The 500 hPa geopotential height (black lines, unit: dagpm), 850 hPa wind and

distribution of rainfall (shaded area) in Haihe River Basin during following 6 h at

(a) 08:00 BT and (b) 14.:00 BT 14 August 2018
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(¢) divergence of moisture flux (unit: 10 ° g+ s '« em 2 « hPa '), (d) divergence of pseudoequivalent

potential temperature flux (unit: 107* K« s7') at 08:00 BT 14 August 2018
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0.05 [ B FEMEA BRI . M= 40T UE
HE 3 22 B ROK VR BE 45 32 5 B K 43 A S ) AR O 1k B
R R ZHH ) B 238 [ AH G R BT 3% 0.7 A 1 GE

*x1

i 0. 05 {1 PEK PR B , JEHT 2018 4 f o
At & K 1810 5722 be (5 A b 1 422 25 2ok v i) 3k 4k
ARHR) T 5+ 5 M Vg 0 Y Sul S () G 28 %) A OC R B0 R
TH0. 7, 3k W K IR BE 25 R AR Dy 5] B R K 1 ) it Ak
fith % R oR 6 h [k s [\ 40 A B A eE YEE . o
KK 4550 THWC 55 B K 43 A 11 23 (] AH 3G A0 7 g
INTF IR PR IR R EE S 3 5 B 7K 1) 28 [H) A G 1 (H 2 7
KEHBT BB FEA Bk 0.6 DL Gt 0. 05 2
FEACER D A RANE T 0.8 BT Z 2 K
FRAH T BRE B H 5 [ K Y 7S ) AH OC 1 O X T
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T2 THWC 55000 25 419 38 45 5 K /Y 28 8] A
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SRREKAE L THWC XA R 6 h FoK i X ik B A
AT By R R 3 L
EEAEENE THWC 55 D5 M E W
X3 A 25 ] AH AR XS 85/ Hov 1813 5 e
8 A 19 H 08 Wf. 14 BfLL ) 1710 S“¥ 378 A 2 H
14 WfF0 20 Bf, THWC $5 %05 BEoK 73 A AR BA —
JE 1) 5 3 WE R OGP L H 28 [A) A 26 R R /N ALAE 0.3
A GGR D ar AT e R X Se i B 5 KU O BB R
ORE o #5328 o B8 N ) R T R A KUA FEL Y R XL
R A XU 1R 88 ) 728 2k 38 sl & RS 5 LR
15 25 18 R G0 AH B B (IS 2% T X JF R 2 1
B IR B4 T B, X 5 1814-5 “ BE 5 > 5] 43 it 445

SEFEKIEH THWC(ZTHWC) R EZE AN ERE 6 h XS HZHHEXEY

Table 1 The spatial correlation coefficients between heavy rain THWC index (ZTHWC) and

its component and precipitation in the following 6 h

M BEEGE-A-H R Ose 0 1k R 2 22 RBRAAXT IR BZRIAKIREESS R THWCHEH ZTHWCIEH
1810 2018-07-24-02 0.64™ 0.57* 0.72* 0.76" 0. 74"
2L 2018-07-24-08 0.71* 0.59* 0.77* 0.70* 0. 69
1814 2018-08-14-08 0.56* 0.50" 0.71* 0. 66" 0. 64*
FE 2018-08-14-14 0.48* 0.61* 0.52* 0.72* 0.72*
1818 2018-08-19-08 0.52* 0.28" 0.58™ 0.32™ 0.31*
§ 2018-08-19-14 0.36* 0.22* 0.55™ 0.23* 0.21*
i FE T
2018-08-19-20 0.67* 0.49* 0.79* 0.66* 0.63"
171 2017-08-02-14 0.22* 0.24™ 0.13* 0.24™ 0.23"
0
iy 2 2017-08-02-20 0.35™ 0.32* 0.38™ 0.32* 0.30"
2017-08-03-02 0.73* 0.79* 0.73* 0.59* 0. 56"
121 2012-08-03-14 0.37* 0.49* 0.41* 0.59* 0.62*
0
o 2012-08-03-20 0.55* 0.39™ 0.63™ 0. 47" 0. 46"
ik 4k
2012-08-04-02 0.53* 0.51* 0.86* 0.60" 0.59*

o 7 A5 AR 5C R Bl i 0. 05 19 3 PR K P K 5

*x indicates correlation cofficient passing 0. 05 significant level test.
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Table 2 The max value of closed center in THWC index (ZTHWC) and precipitation centre in the following 6 h
R i 1] HiJ5 6 h i 6 hik ok THWC M4 ol i Rl / ZTHWC M &

CE-H-H - SR K I X R 7K 5t /mm (107 % K+ m? « kg 1) I KAH /107
1810 2018-7-24-02 KT T 2 R T Ui b X 137.0 71.5 137.7
7 2018-7-24-08 P Je Ak = R 127.7 695. 6 136.9
1814 2018-8-14-08 ik Bz T g5 b | 172.0 162. 4 200. 2
JBE £ 2018-8-14-14 % TLRG A5 W T i 297.6 250. 6 189.9
1818 ik b 2018-8-19-20 5% 350 T i 145.2 830. 6 232.9
1710 % 2017-8-3-02 BV i 188.5 1142. 6 215.7
2012-8-3-14 ik 0% 950 Wi 159. 3 11.6 190. 4
1210 64k 2012-8-3-20 FAS I 3 162.3 159. 2 328.2
2012-8-4-02 ST 191.0 170. 9 207. 4
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Fig. 8 Distributions of sea level pressure (black line, unit: hPa), ZTHWC index parameters (pink line)

and rainfall (shaded area) in Haihe River Basin during the following

6 h at 08:00 BT (a) and 14:00 BT (b) 14 August 2018
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